Introduction
Non-epileptic seizures (NES) resembling epileptic seizures may be grouped into physiologic or pathophysiologic NES, (e.g. syncopal attacks, paroxysmal motor symptoms, migraine, sleep disorders, acute alcohol or drug effects, etc.), and psychogenic NES (PNES) [1] [2] [3] [4] [5] [6] [7] .
Correct diagnosis of NES is important for safe and appropriate treatment.
In our experience, 20 to 40% of patients evaluated at the epilepsy monitoring unit (EMU) have NES [8] (Table 1) , and approximately 50% of these patients have PNES. We estimate that between 5% of outpatients with epilepsy and 20% or more treated for refractory epilepsy in tertiary epilepsy centers have PNES [3, 5, 9] .
Epilepsy and PNES may coexist, but 50% or more of patients with convulsive PNES do not have epilepsy [12] , and it is unlikely that more than 10 % of patients with PNES have additional epilepsy [12, 13] .
The nomenclature of PNES may vary, i.e. pseudo-seizures [1] or pseudo-epileptic seizures [14] . NES includes patients with PNES and we use the term NES to include all nonepileptic seizure phenomena (Table 1) 
The epilepsy monitoring unit (EMU)
The EMU is located in a full time neurological In patients with suspected PNES using antiepileptic drugs (AED), these drugs are tapered off as we attempt to provoke seizures with sleep deprivation, hyperventilation, flickering lights, physical exercise (including ergometer-cycling) and other patientspecific stressors or known seizure-triggering mechanisms. However, we do not use saline, other injections, or any other specific technique to provoke seizures [15, 16] . [17] . Another EMU video-EEG confirmed 32.3% PNES, of which 5.5% had combined PNES and epilepsy [18] .
Further complicating diagnosis is the registration of artefacts on EEG recordings (Table 2) . Numerous other conditions may elicit motor, psychic, perceptual or cognitive phenomena resembling epilepsy [6, 7] . However, the term psychic or psychogenic may alternatively be used for seizures triggered by an action of mind, or by cognition [26] .
Pathophysiological NES

Psychogenic NES (PNES)
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Epidemiology
The prevalence and incidence of PNES has not been firmly established. A population-based study in Iceland found a PNES incidence of 1.4/100.000, equal to 4% of that reported for epilepsy in persons age 15 years and above [27] . Alternatively, an incidence of 3/100 000 has been reported [28] . Considering various uncertainties, a prevalence of 2-30 per 100 000 has been suggested [29] . In general, PNES is more frequent in women than men, e.g. 71% [30] or 77% [31] , but a more equal distribution has been reported with a 57% frequency in women [24] .
In outpatients and hospitalized epilepsy patients, prevalence of PNES may range from 5 to 20 % [1, 3, 24, 30, 32, 33] .
In epilepsy patients hospitalized in Warsaw, 85 of 1083 had PNES, i.e. 7.8% [31] . Of these, 48
had PNES alone and 37 had mixed PNES and epileptic seizures [31] . In 20% of 46 patients with intractable seizures both PNES and epilepsy occurred [34] . Another study revealed that 23% had a mixed seizure disorder [24] , whereas 37% of 41 patients with a discharge diagnosis of PNES from John Hopkins Hospital between 1971-74 revealed true epileptic seizures at a 5 year follow-up [30] . Conversely,
of 50 patients with definite PNES [35] also
had EEG evidence of epilepsy. In a subsequent study, 13% of 110 patients with definite PNES also had evidence of epilepsy [12] , and in 9.4% of patients EEG revealed inter-ictal epileptic discharges [13] .
In an EEG monitoring unit similar to ours, 30 of 444 patients monitored during 1989-1992 had mixed seizure types (6.7%) [36] 
Diagnosis of PNES
The diagnosis of PNES is usually based on clinical criteria, e.g. description of the behavioural events or seizures (Table 3) , with non-epileptic ictal and often normal pre-and post-ictal EEG. Ictal video-EEG monitoring of PNES has been performed in several studies [12, 24, 25, 37, [39] [40] [41] . When PNES patients are examined in the EMU many will have a seizure within 48 hours [42] .
Seizure semiology differ between studies, i.e. convulsion-like PNES [37] , or CFS-like PNES [41] . In one study, motor phenomena were the most frequent symptom of PNES [40] , whereas in another study, unresponsiveness without motor phenomena was the most common symptom [24] . An extremely wide range of seizure events with bizarre and unusual behaviour were reported in 42 episodes in 6 patients [41] . Moreover, seizure manifestations reported by patients and witnesses reveal major heterogeneity [43] . However, in one [25] .
The clinical differentiation between epileptic seizures and PNES is often inaccurate [39] , but some symptoms do suggest PNES [44] (Table 3) .
Authors of an ictal clinical cluster analysis stated:
"We believe that neither a single symptom nor the combination of symptoms in this cluster are sufficient for a definite differential diagnosis".
The most frequent symptom in this study was trembling of upper extremities, seen in 14 of 27 patients (51.9%) [25] .
We strongly support a note of caution since PNES may be difficult to differentiate from some frontal lobe epileptic seizures [22, 23, 45] .
We propose a list of clinical symptoms which may be more frequently observed in PNES than in epilepsy (Table 3) . Noticeably, the delay from onset of PNES to correct diagnosis in one study was 7 years [46] . [40] . Incontinence and injuries may occur in PNES [12, 49] , as well as tongue biting [49, 50] . Most data concerning injury are, however, based on answers from patients [49, 50] . In our experience patients rarely hurt themselves during PNES. In fact, none of the more than 1500 patients observed since 1995 had any major injuries. This corresponds to observations made by Brown et al. [51] .
Onset of PNES is often later than epilepsy in comparable groups, i.e. they often start after 20 years of age [10, 12, 50] . In one study the highest age-specific incidence of PNES was between 15-24 years of age [27] . Children may have NES and PNES [52] .
There is often no typical aura, but patients may report subjective nonspecific phenomena such as dizziness and headache [40] . The onset of seizures in PNES may be gradual. In provoked or induced PNES, the patients often keep their eyes closed [53] , and cyanosis is generally not observed. In patients with PNES there is often a history of non-responsiveness to treatment and signs or symptoms of underlying psychiatric or psychological disturbance [4] (Table 3) In some patients the D-scale may also be elevated in PNES, although this scale aids little in differentiating these patients from those with epileptic seizures [51] .
In one study, routine EEG together with the profile of the MMPI-2-Hy scale and the duration in years since the first seizure produced an overall classification accuracy of 86.3% [60] with regard to PNES. Duration of PNES was shown to be a negative prognostic factor [62] , while routine EEG itself did not appear to be a sufficient diagnostic tool, neither to obtain a good outcome nor to convince patients of their diagnosis [50] .
PNES may be defined as a somatic communication of mental distress [63] , or as somatoform symptoms as an expression of a traumatic experience. The latter does not have to be of a sexual nature [64] , although sexual abuse may be an important factor [47, 65, 66] .
The majority of PNES may be due to somatoform disorders [3, 64] . usually a non-epileptic condition [70] .
A history of childhood sexual abuse may be found in patients with PNES [38, 47, 64, 65, [71] [72] [73] .
The actual frequency is uncertain and can vary from 17% [10] to 70% of patients with a specific PNES type of "abreactive" seizures [47] . Noticeably, sexual abuse may also trigger epilepsy [66] . Flashback experiences may occur when the patient is alone in bed and may sometimes explain why PNES occur in bed at night [66] . Sexual abuse is important to disclose in order to start proper treatment [47] . Development of a trusting relationship is essential in this process.
Management and outcome of PNES
The management and treatment of PNES start with a firm diagnosis [4] . However, specific guidelines for treatment are lacking (74) and outcomes are not very good (4).
Less than 50% of patients with PNES are seizure-free at follow-up ranging from 1 to over 5 years later [12, 30, 62, 75, 76] . When considering prognosis and outcome, one should differentiate between patients with PNES alone and those with PNES combined with epilepsy. In a publication of 56 patients with PNES only, 52% were seizure free at followup 18 months later [50] . This study revealed no significant difference in the outcome among patients based on any intervention [50] . Factors predicting a positive outcome in this study include acceptance of the PNES diagnosis, good general health and good occupational functioning [50] . Poor outcome has been associated with an IQ of less than 80, and a past history of violent behaviour [10] . Persisting PNES has been associated with longer duration of PNES before diagnosis, presence of additional psychiatric disease, but not with gender, psychotherapeutic treatments after diagnosis or the presence of epilepsy [62] . Behavioural psychotherapy significantly reduced seizures in 7 of 9 patients during a four year follow-up [78] . In a controlled study, cognitive behavioural therapy was more effective than only standard medical care in reducing seizure frequency in PNES, although effect size was only moderate [79] . Supportive psychotherapy, occupational therapy and operant conditioning made 8 of 16 patients with PNES seizure free, and gave 3 patients relief with only occasional seizures, whereas 5 remained unchanged in another study [10] .
PNES is often intermittent in that 
Concluding discussion
Both NES and PNES pose important diagnostic challenges, but in our experience a firm diagnosis can often be established.
In approximately 10-15% of PNES patients, we may find co-occurring signs of epilepsy for which AED treatment may be prolonged. If collaboration is weak or insufficient for a thorough diagnosis we may conclude by using an observational diagnosis.
We are generally open to re-evaluating diagnoses when seizure semiology changes.
Lastly, it is important to know all possible sources of EEG artefacts that may contribute to a false positive diagnosis of epilepsy (Table 2) .
Conclusion
On a yearly basis we find that around 20-40% of patients in the EMU have NES, and 50% of these have PNES ( Table 1) . As an estimate, 10% of our patients with PNES also have epilepsy.
